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Abstract 
In a country that is half desert or semi-desert, the issue of freshwater availability is critical. At present, much of Sudan’s population 
suffers from shortage of both clean water for drinking, and reliable water for agriculture. These shortages are a result of natural 
conditions as well as underdevelopment. Systematic geophysical investigations for groundwater started in the sixties of the last 
century in the aftermath of the severe drought that had struck vast areas between latitudes 10 ͦ N and16 ͦ N in the period 1968-73. 
Foreign geophysical companies were invited to join in the search for groundwater in the affected areas as a part of national 
complains against thirst organizes by the Government. Development in this sector is surging ahead, however, and there is now an 
urgent need to ensure that this growth is environmentally sustainable.  




The Sudan Republic has an estimated area of 1886068 square 
kilometers, making it the third largest country in Africa, and 
shares territories with other eight countries (Fig. 1). The 
country has a population of 43 million people according to 
2018 estimate with an economy which largely depends on 
agriculture and light industrial products. The decade of the 
nineties of the last century witnessed the boom of oil 
production which had been considered as the backbone of the 
economy before the secession of South Sudan. Availability 
and accessibility of water resources determine the mode and 
distribution of the population of the country together with 
their socio-economic activities. 
Diverse climate conditions from hot tropical, continental in 
the South to hot desert in the far North prevail over the 
country. High ground temperatures are responsible for high 
evaporation rates. 
Rainfall is seasonal and erratic over much of the country 
except in the south where rainy season may last for up to 9 
months per year. Mean summer temperature may exceed 48˚C 
in the north and fall to about 15˚C in the winter.  The Nile and 
its tributaries represent the main water source in the country. 
Away from the Nile dependence on groundwater becomes 
increasingly vital (Whiteman, 1971). With almost two-thirds 
of the Nile basin found within its borders, Sudan enjoys a 
substantial freshwater resource base. At the same time, 80 
percent of the country’s total annual water resources are 
provided by rivers with catchments in other countries and 
only 20 percent is produced internally from rainfall. Sudan 
consumes an estimated 37 km3 of water per year, of which 
96.7% are used by the agricultural sector. Withdrawals by the 
domestic and industrial sectors amount to 2.6 and 0.7 percent 
respectively. Water consumption is mainly reliant on surface 
waters, but groundwater extraction is rapidly growing.  
Geologically the country has a unique setting. About 50% of 
its surface area is sedimentary formation and the other 50% is 
bedrock. A generalized geological map is shown in (Fig. 1). 
The oldest rocks have generally been referred to as Basement 
Complex and are usually considered to be of Precambrian age. 
However, localized detailed studies of field relationships, 
structural domains or geochronology have been made to 
enable more than the generalized subdivisions to be 
recognized, (Vail, 1978; Vail and Dugga, 1991). 




Fig.1. A generalized geological map of Sudan Republic. 
 
Paleozoic cover rocks are mainly continental, arenaceous unit 
that loosely known as the Nubian Sandstone Formation. The 
unit rests unconformably, in many places, directly upon the 
Basement Complex and embraces most Mesozoic to early 
Tertiary sedimentary rocks in the Sudan. Cainozoic rocks are 
represented by largely unconsolidated sands, silts and 
mudstones. The deposits have various names of which Umm 
Ruwaba Formation and Gezira Formations are best known. 
Covering all older rocks are extensive superficial deposits of 
river alluvium especially in the Nile valley, and windblown 
sands in the northern half of the country. 
Igneous activity is evident throughout the geological record. 
The emplacement of large batholiths, plutons and ring 
structures is common. The youngest phase of igneous activity 
is represented by volcanic eruptions of Jebel Marra in the 
west and the Bayuda volcanic fields in the north.   
Groundwater  
People’s lives and livelihoods depend on water. Demand for 
clean water increases continually in line with world 
population growth. People in many areas of the world lack the 
fresh, drinkable water essential to their survival; if they are to 
prosper, more secure and low cost water supplies are needed. 
Maintaining secure water supplies for drinking, industry and 
agriculture would be impossible without groundwater, the 
largest and most reliable of all freshwater resources.  
Unlike other natural resources or raw materials, groundwater 
is present throughout the world. Possibilities for its 
abstraction vary greatly from place to place, owing to rainfall 
conditions and the distribution of aquifers (rocks, sand layers 
and so on, in whose pore spaces the groundwater sits). 
Generally, groundwater is renewed only during a part of each 
year, but can be abstracted year-round. Provided that there is 
adequate replenishment, and that the source is protected from 
pollution, groundwater can be abstracted indefinitely. 
On a national scale, Sudan makes limited use of its 
groundwater, but it is a critical resource at the local level, 
particularly in the northern and central regions, and in Darfur. 
Data on the use and quality of groundwater, however, is 
rarely collected and extraction is generally completely 
unmanaged. There is an unreliable evidence of unsustainable 
extraction rates, but in the absence of monitoring data, the 
situation only becomes apparent when the wells run dry.  
The use of geophysics for both groundwater resource 
mapping and for water quality evaluations has increased 
dramatically over the last 10 years largely due to the rapid 
advances in computers and associated numerical modeling 
solutions. However despite it’s sometimes success, for the 
majority of groundwater studies, the use of geophysics is still 
often not considered. This is due in part to poor publicity of 
the potential use of geophysics and also due in part to 
practical implementation difficulties and cost limitations. 
This paper attempts to give some of the important results on 
the use of geophysics and space technology for groundwater 
exploration that has been published over the years in Sudan 
Republic. The use of geophysics for groundwater 
contamination studies is not reviewed due to the unavailable 
documented work in this area. The papers that are cited by no 
means represent an exhaustive list of contributions however 
they are intended to indicate the variety of geophysical 
methods used for groundwater exploration and the range of 
situations where geophysics has been used.  
Groundwater resources of Sudan occur in one of three 
environments; in major sedimentary aquifers, unconsolidated 
alluvium of khors and wadis (riverbeds) or within fractured or 
jointed weathered basement. The distribution of these 
resources is depicted in Table (1) below: 
 




Table (1). Distribution of the major groundwater basins in Sudan Source: Adelrahim (2004) 















Nubian Basins  
Sahara Nile 247 5000 800 580.0 150-300 5-40 200-800 
Sahara Nubian 274.5 6000 20 5 200-350 0-60 500-800 
Umm Keddada 53 300 47 17 280-350 30-80 500-1500 
Shagra 1,5 0.02 4 1.0 200-300 30-50 400-700 
Sag El Na’am 2.7 11 26 16.0 200-250 60-90 200-700 
El Nuhud 6.6 70 15 6.0 150-240 75-100 500-700 
Gedaref 28 40 42 16.0 150-350 30-90 500-2000 
AtbaraRiver 23 180 30 13.0 75-250 10-70 200-1000 
 Subtotal 663 11601 984 654.0 - - - 
2. Umm Ruwaba  
 Baggara 120 1700 30 28.0 100-400 30-110 500-800 
 Sud 365 1800 341 3.0 - 10-25 200-500 
 Bara 68 270 45 30.0 40-300 10-80 100-1500 
 Blue Nile 758 380 170 70.0 30-280 10-30 200-2000 
 Subtotal 1311 4150 586 131.0 - - - 
3. Alluvial Deposits  
 Gash - 0.46 145 150.0 30-50 3-25 300-1800 
 Atbara - 0.07 15 8.0 20-60 5-20 300-1000 
 Tokar - 0.05 30 0.6 20-45 10-20 300-2000 
 W. Nyala - 0.03 20 15.0 20-50 5-10 200-600 
 W. kutum - 0.06 60 12.0 20-40 5-10 200-800 
 W. Azum - 2.75 460 45.0 10-30 2-13 200-600 
 Subtotal - 3.42 730 230.6 - - - 
4. Basement Complex  
 All Rregions - 2.5 1800 120.0 30-75 15-55 500-3000 
 Subtotal - 2.5 1800 120.0 - - - 
 Totals - 15757 4100 1135.6 - - - 
 
                      
Groundwater Pollution 
Polluted water can transmit diseases and carry poisonous 
chemicals. Such water can make people sick and even can 
cause death. In most cases, groundwater is cleaner than 
surface water. Groundwater is usually protected against 
contamination from the surface by soils and covering rock 
layers. This is why most drinking water in many areas of the 
world is groundwater. However, rising world population, 
changes in land use and rapid industrialization (or de-
industrialization) increasingly place groundwater in jeopardy. 
Polluted groundwater can be decontaminated only by 
expensive long-term procedures. In the worst cases, complete 
abandonment for a very long time is the only available course 
of action. These facts are becoming more widely recognized 
by the international community, and science and technology 
are increasingly engaged in helping to avoid the worst effects. 
Precious groundwater resources increasingly need to be 
protected and well managed to allow sustainable long-term 
use. 
In some areas groundwater may contain enhanced levels of 
natural substances that can restrict its use. For example, 
seawater may invade the aquifer. Groundwater may also 
contain soluble natural substances like arsenic, fluorine, 
nitrate or sulphate, which restrict or even prevent its direct 
use because of health concerns. Suitable treatment processes 
can usually be found to diminish or remove harmful 
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substances, but this often entails financial cost. In general, 
therefore, the groundwater quality must, in all cases, be 
controlled both before and during its use. 
 
Geophysics Background 
Groundwater applications of near-surface geophysics include 
mapping the depth and thickness of aquifers, locating 
preferential fluid migration paths such as fractures and fault 
zones and mapping contamination to the groundwater such as 
that from saltwater intrusion. The use of geophysics for 
groundwater studies, however, has been stimulated in part by 
a desire to reduce the risk of drilling dry holes and to offset 
the costs associate with poor groundwater production. Today 
the geophysicist also provides useful parameters for 
hydrogeological modeling of both new groundwater supplies 
and for the evaluation of existing groundwater contamination. 
The theoretical and practical background to geophysics has 
been extensively reviewed and can be studied in standard text 
on the subject, for example: Kearey & Brooks, 1991, Telford 
et al. (1976), Parasnis (1996), Dobrin, (1976), Grant and West 
(1965). Basic outlines of geophysical methods are also given 
in standard hydrogeology text such as that by Fetter (1980). 
Groundwater and near surface investigations in particular 
have been specifically covered in some detailed in recent text 
by Reynolds (1997), Milsom (1996). Further examples on 
near surface geophysics can be found with the special series 
of papers “Geotechnical and Environmental Geophysics” 
published by the Society of Exploration Geophysicists and 
edited by Ward (1990). 
Many geophysical techniques have been applied to 
groundwater investigations with some showing more success 
than others. Potential field methods, gravity and magnetics, 
have been used to map regional aquifers and large scale basin 
features. Seismic methods have been used to delineate 
bedrock aquifers and fractured rock systems. Electrical and 
electromagnetic methods have proved particularly applicable 
to groundwater studies as many of the geological formation 
properties that are critical to hydrogeology such as the 
porosity and permeability of rocks can be correlated with 
electrical conductivity signatures.  
The successful use of each geophysical technique is 
dependent not only on the careful design of the survey but 
also on the consideration of a number of key geological and 
cultural factors together with the geophysical data. These 
factors include: nature of the target, depth of burial of target, 
target size, station interval and calibration of geophysical 
data. 
Geophysical Survey Techniques: 
Gravity 
Notable early gravity work includes that of Ali and Whiteley 
(1981) who have successfully applied the gravity method to 
groundwater search in the Bara Basin, Kordofan Province, 
Sudan. Although the Bara Basin is not fully developed, the 
gravity interpretation together with the laboratory 
measurements on samples and numerical simulation, have 
allowed the hydrogeological characteristics of the basin to be 
evaluated. They defined the boundaries of the basin and the 
sediments thickness.   
 
Direct Current Resistivity 
The direct-current (DC) electrical resistivity method for 
conducting a vertical electrical sounding (VES) has proved 
very popular with groundwater studies due to the simplicity 
of the technique and the ruggedness of the instrumentation. 
An excellent example of the use of the technique was shown 
by Ahmed et al., (2007) in a survey for a rural water supply in 
crystalline rocks terrain area at El Obeid, North Kordofan 
State. The techniques applied were, horizontal electrical 
resistivity profiling (HEP), and vertical electrical sounding 
(VES). 
The results of the study indicated the presence of three 
lithological units above the fresh basement rocks with 
apparent resistivity values ranging from 17 to 81 ohm-m, and 
with depth ranging from 69 to 75 m over the fresh basement 
of resistivity value of 338 ohm-m. The superficial deposits 
are mainly sand which overlain the weathered basement rock 
and has a thickness of 1 to 2 m. The study also confirms that 
Khor Jebel Kordofan is structurally controlled. 
 
Table 2. Summary of electrical model obtained from VES 1 and 
VES 2 
Sounding No. 1 2 














140 45 141 49 
Fresh basement 270 ∞ 338 ∞ 
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Combined methods of investigation 
Most recent surveys tend not to rely on the electrical method 
alone for data but rather to integrate it with other geophysical 
techniques. Examples of the multi-technique approach using 
electrical, gravity and seismic refraction techniques include 
those by van Overmeeren (1978, 1981) who conducted a 
survey as a part of a project financed by the government of 
the Netherlands. The survey took place in the savannah belt of 
central Sudan, near the town of Kosti, in the White Nile 
Province. A regional integrated geophysical survey of 
electrical resistivity, seismic refraction, and gravity methods 
had been used. Along a profile in the eastern part of the area 
studied, (Fig. 2). A total of sixteen vertical electrical 
soundings had been made. A preliminary simple mathematical 
interpretation suggested possibilities for the presence of fresh 
groundwater in the eastern part of the profile. In order to solve 
the equivalence problem, seismic refraction work was carried 
out at some selected places; that yielded additional 
information on depths to bedrock. These seismic data made 
possible a unique solution of the electrical sounding curves, 
from which it could be concluded that all groundwater in the 
area is saline. Subsequent test drilling confirmed these 
findings. A regional relative Bouguer anomaly map provided 
a picture of the general geologic structures and made possible 
rough estimates of depths to bedrock. This is an example of a 
case where only an integrated application of several 
geophysical exploration methods can provide the desired 
hydrogeologic information in an acceptable balance between 
reliability and cost.  
 
Fig. 2. Location map of resistivity, seismic refraction and gravity 
measurements along a profile between Mahbuba and Redes, 
White Nile Province. 
The success of combined hydro-geological and multi-
geophysical methods is demonstrated by the study of En-
Nuhud Basin in western Kordofan, Ghonia, 2004. The results 
of the gravity survey of the basin revealed the presence of 
depressions and elevations within the basement and that the 
depth to the basement is variable; ranging between 50-1790 m. 
The geoelectrical investigations gave a resistivity range of 28-
332 ohm-m for the Nubian sandstone aquifer which 
represents the main aquifer in the study area (Fig. 3). The 
thickness of the sandstone was found to be in the range of 35-
300m. These results were confirmed by test drilling. The 
formation resistivity as calculated from the geoelectrical 
interpretation was found to be in the range of 15-53 ohm-m. 
One important discovery was the allocation of two 
sedimentary sub-basins at Guwal and Jebel Ugheibish. The 
hydro-geological investigations showed that the total stored 
water in the aquifer is estimated to be in the order of 260 
Mm3 and the annual extraction of 2.3 Mm3. The quality of the 
water is in the range of potable water with total dissolved 
solids in the range of 110-1250 ppm. 
 
Fig. 3.   VES 6 at Umm Sir, White Nile and two of the equivalent 
sections, both indicating saline groundwater. 
 
Successful use of combined geophysical and hydrogeological 
investigations is also shown by the results of a survey of this 
type executed in Wad Elhelew and Shuwak basins of Eastern 
Sudan to evaluate the groundwater potential in that part of the 
country, Ibrahim et al. (1994), Figs. 4, 5 and 6. From the 
interpretations of electrical resistivity and gravity 
measurements, two major basins were identified: The first is a 
NNE-SSW trending basin with maximum thickness of 2.2 km. 
The other is a shallower basin with a maximum thickness not 
exceeding 0.25 km. Within these basins groundwater occurs 
essentially in two major aquifers: the Nubian aquifer and 
Neogene-Recent deposits. Quantitative assessment of 
groundwater volumes in Shuwak-Wad Elhelew area gives 
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storage capacity for the upper zone of the Nubian aquifer as 
4000 million m3 and 8000 million m3 for the lower zone. The 
Shuwak basin has a storage capacity of 840 million m3 while 
the storage capacity of the Neogene-Recent deposits is 




Fig. 4. Contour map of relative Bouguer anomalies, between 
Mahbuba and Redies 
 
 









Fig.6.   Interpreted geological section, Eddaein, Darfur. 
 
 
Fig.7.   Gravity profile Eddaein, Eastern Darfur Province 
 
 
Fig. 8. Bouguer gravity map, Gedaref area, Eastern Sudan 
 
Electromagnetic (EM) 
Electromagnetic techniques have been extensively developed 
and adapted to map lateral and vertical changes in 
conductivity with some spectacular examples of their use 
being shown for groundwater studies. While the final output 
is similar to that from electrical techniques, several 
advantages with the electromagnetic techniques result in an 
increased resolution and more cost-effective application. 
Two types of electromagnetic survey are currently practiced, i) 
time domain electromagnetic (TDEM) surveys which are 
mainly used for depth soundings and recently in some metal-
detector type instruments, and ii) frequency domain 
electromagnetic (FDEM) surveys that are used predominantly 
for mapping lateral changes in conductivity. 
 
Fig. 9. Relative Bouguer anomaly between El Showak and Wad 




Fig.10. Isopach map of El Showak and Wad El Helew area, 
Eastern Sudan. 
 
The use of electromagnetic methods is not widely practiced in 
Sudan, probably due to the complex nature of data acquisition 
and interpretation. Among the few surveys that were 
documented in the literature we cite some of projects 
conducted by (GWWD) in the 1980s, Abdelrahim (2004). 
The technique was primarily used in Red Sea State to map 
different levels of saltwater intrusion into the fresh water 
aquifer and during WAPS projects in Wadi Nyala and Gash 
basin in Kassala State. Table (2). (Salih, personal 
communication, 1984), Figs. 6 and 7. 




In seismic methods measurements are made of acoustic 
energy propagation within a medium. The velocity of acoustic 
energy in the form of P-waves and S- waves is related to the 
dynamic elastic moduli and density of a material. The uses of 
seismic surveys in groundwater exploration have traditionally 
relied on seismic refraction techniques using P-waves waves 
which show increasing velocity with density. 
El-Shuwak area, a part of a hydrogeological research project 
in eastern Sudan, lies within a large synclinal basin known as 
the Gedaref Basin, It is composed principally of sediments of 
the Cretaceous sandstone (Nubian Sandstone Formation) 
which are intruded by sheets of basalt and dolerite and 
underlain by metamorphic Basement Complex rocks, Gravity 
and seismic refraction techniques were combined to locate the 
extent of the basaltic flow and to determine the thicknesses of 
the sedimentary formations, (Ibrahim et al.,1994). 
The results of these studies show that the topography of the 
Basement Complex is undulating and characterized by two 
troughs separated by subsurface ridges. The thicknesses of the 
Nubian Formation sediments range from 50 m (164 ft) to 
greater than 250 m (820 ft). Although the thicknesses of the 
Nubian Formation are favorable for ground-water occurrence, 
the yield is very limited because the sediment succession is 
composed largely of compact mudstone. 
Groundwater and Wadis Directorate (GWWD) of Ministry of 
Irrigation and Water Resources had conducted a series of 
studies and investigations throughout the country using space 
technology and geophysical methods. Table (3) shows a 
number of the results of these investigations, (Abdelrahim, 
2004). 
Table (3). Results of Investigations conducted by (GWWD), Abdelrahim (2004). 
No Project Methods Used Results 




Sites for drilling are identified-Sea 
water intrusion (18 km)  
Towards the continent 
2 Hydrogeophysical investigations at El Damazin. Area 70 km 






Sites for water well are -identified  
 
3 WAPS-2-Project 
-Wadi Nyala  






Water resources assessment and 
evaluation of Wadi Nyala and  
Genena area 







Water resources assessment and 
evaluation of Gash Basin 
5 Water Resources assessment and development in South 
KordofanState ( phase II, Unicef Project)  
Drilling, Phase I 
Resistivity Methods, 
Phase II 
Drilling of wells equipped with  
hand pumps 
6 Hydrogeophysical investigations at the Nuba Mountains, Western 
Jebels, the area around Dillingand LagawaDistrict,2003 
Resistivity Methods: 
-Profiling      
-Sounding) 
-Sites for water well drilling. Hand 
pumps installation  
7 Water Resources assessment and development in Bahar El Gazal 
State (Phase I, Unicef Project, 1976). 
Only drilling -Sites for slim wells fitted with hand 
pumps  
 
8 Water Resources assessment and development at El Dali and El 
Mazmoom  areas (site investigations), 1994-2002 
Resistivity Methods: 
-Profiling      
-Sounding 
Selected sites for water well drilling  
 
  




Groundwater Exploration and Assessment in Basement 
Complex areas within the country is achieved by use of space 
technology: Remote Sensing and Global Position System 
(GPS), and geophysical methods such as: electromagnetic and 
direct current resistivity. Also environmental isotope 
techniques are used to determine the direction, rate and 
mechanism of flow, besides recharge sources. The integration 
of these techniques is demonstrated by Darfur example. 
There are four principal hydrogeological environments in 
Darfur: 
1. Basement Complex (BC): 
Most of central Darfur is underlain by basement complex. 
These are metamorphic and igneous rocks which do not have 
pores that hold water the way sedimentary rocks such as 
sandstone do. The only storage occurs in the weathered, 
fractured fringes of the rock, so most of the water is lost as 
run-off into the wadis. The fractures in the rock may not be 
interconnected, so successful drilling requires hitting a large 
fracture or fracture system and tapping the water available 
from it.  
2. Wadi Alluvium: 
Virtually all wadi beds have been partially backfilled by 
alluvial deposits. These can range from coarse gravel through 
sand and silt to clay. The thickness of these deposits can vary 
from less than a meter to 40m in parts of Wadi Azum. 
3. Nubian Sandstone (NS) and Umm Ruwaba 
Formation (URF) 
These comprise large sedimentary basins in Darfur, and 
smaller basins in a few places. They are major aquifers with 
regional flow systems which can be monitored via a small 
number of selected points. The permeabilities in these rocks 
are not very high (especially in the URF), but their great 
thickness and significant porosity mean that their total storage 
capacity is very large. Estimates of recharge to these aquifers 
vary, but have always indicated that it exceeds their current 
level of abstraction. 
4. Volcanic Rocks: 
These are the volcanic lavas and ash beds around the volcanic 
massif of Jebal Marra. Water occurs in the fractures and there 
may be some storage capacity in the ash beds, but they are 
considered to be only minor aquifers of low permeability. 
Detail of extent of the sedimentary, alluvial and Basement 
Complex aquifers is given in Table 4 (volcanic rocks are not 
included). 
 












water level m 
TDS ppm 
Nubian Basins  
Umm Keddada 53 300 47 17 200-350 30-80 80-1500  
Shagra 1.5 0.02 4 1 200-300 30-50 400-700  
Sag El Na’am 2.7 11 26 16 200-250 60-90 200-700 
Subtaotal  57.2 311.02 77 34 - - - 
Umm Ruwaba Basins        
Baggara 120 1700 30 28 100-400 30-110 500-800 
 
Aluvial Deposits  
Wadi Nyala - 0.03 20 15 20-50 5-10 200-600 
Wadi Kutum  0.06 60 12 20-40 5-10 200-800 
Wadi Azum  2.75 400 45 10-30 2-13 200-600 
Subtotal  2.84 540 72 - - - 
Basement Complex  
All Regions Sudan - 2.5 1800 120 30-70 15-55 500-3000 




The results of a survey utilization the above methods is 
outlined by Abdelrahim(2004) . Table (3) shows the results of 
investigations carried by Groundwater and Wadis Directorate 
(GWWD) in Wadi Nyala catchments area in Southern 
Darfur.Figs. 6 and7. 
 
Table5. Available water in the catchments area of Wadi 
Nyala. 
Subject Amount 
Total catchments area 1375 km2 
Excess water available 294.5 Mm3 
Storage capacity of aquifer (sc) -15.8 Mm3 
Total runoff -63.0 Mm3 




With almost two-thirds of the Nile basin found within its 
borders, Sudan enjoys a substantial freshwater resource base. 
At the same time, 80 percent of the country’s total annual 
water resources are provided by rivers with catchments in 
other countries. This leaves Sudan vulnerable to externally 
induced changes in water flows. 
Reliable hydro-geological studies and information is 
unavailable and groundwater sources are being developed 
without much understanding of the capacity and stability of 
these underground water resources.  The lack of good 
information on hydro-geological and geophysical data is a 
major weakness to plan, organize, and implement an effective 
water resource development strategy. For development of an 
effective groundwater resource strategy, geophysical survey 
teams equipped with geophysical instruments for 
groundwater survey are needed to support drilling operations. 
Additional groundwater assessment/monitoring 
equipment/tools including software are needed to improve the 
collection and recording of data for groundwater management.  
In spite of the widespread and increasing use of groundwater 
for human and animal consumption, irrigation and industry in 
past decades, the knowledge base concerning groundwater 
resources and their sustainable use is inadequate.  
 
Recommendations: 
• Mapping and quantifying fresh groundwater resources, with 
the help of geophysical methods, including the identification 
of trans-boundary groundwater basins shared between 
countries is vital. 
• Investigating the recharge, flow and discharge processes in 
fresh groundwater systems and their role in supplying 
ecosystems; 
• Improving the environmental impacts arising from 
groundwater abstraction or degradation of groundwater 
bodies, by protecting affected wetlands, preventing 
groundwater deterioration in quantity and quality, and long 
term monitoring of groundwater systems; 
• Recognizing the value of water in different environments 
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